Objectives: This study aims to investigate the association between a disintegrin and metalloproteinase 12 polymorphisms and susceptibility to knee osteoarthritis (OA) through a meta-analysis involving only studies that present original data. Materials and methods: A meta-analysis was performed on the association between a disintegrin and metalloproteinase 12 rs3740199, rs1871054, rs1278279 and rs1044122 polymorphisms and knee OA. An electronic search of all relevant studies published up to January 2017 was conducted using MEDLINE and EMBASE. The study included six case-control studies including 2,966 patients (850 males, 2,116 females) with knee OA and 4,901 controls (2,286 males, 2,615 females). Results: No significant association was found between the rs3740199, rs1278279, and rs1044122 polymorphisms and knee OA when all studies were pooled into the meta-analysis. However, a significant association was found between the rs1871054 polymorphism and the knee OA risk (allele contrast: odds ratio (OR)=1.42, 95% confidence interval (CI)=1.02-1.98, p=0.04; dominant: OR=1.36, 95% CI=1.02-1.82, p=0.04; recessive: OR=1.83, 95% CI=1.14-2.94, p=0.01; and addictive model: OR=1.85, 95% CI=1.06-3.23, p=0.03). In the subgroup analysis, a significant association was found between the recessive (OR=0.44, 95% CI=0.21-0.93, p=0.03) and addictive model (OR=0.29, 95% CI=0.12-0.69, p<0.01) in the male group. Conclusion: Our meta-analysis suggests that the rs1871054 polymorphism is associated with susceptibility to knee OA and that the GG genotype of rs3740199 was associated with knee OA in the male group. Additional well-designed studies are required to confirm these results.
Osteoarthritis (OA) is the most common arthritis in old age. The knee is the second most frequent location of occurrence of OA after the hand. 1 Knee OA is a disease that causes pain and disability, and may eventually require surgical treatment. Knee OA is known to occur mainly as a degenerative condition, but metabolic and genetic factors have also been implicated. Several genetic polymorphisms, including growth differentiation factor 5 and double von Willebrand factor domain A gene, have been shown to be associated with susceptibility to knee OA. 2, 3 However, the polymorphisms of several genes, such as angiotensin-converting enzyme, have been found to be unrelated to the susceptibility to knee OA. 4 A disintegrin and metalloproteinase 12 (ADAM12), the gene of which has been identified as a candidate gene for knee OA, plays role in proteolysis, cellular interactions, and signal transduction. 5 After Valdes et al. 6 published a study on the association of ADAM12 polymorphisms with knee OA, several studies were conducted at other centers. Among single nucleotide polymorphisms (SNPs) of ADAM12, rs3740199 was the main polymorphism studied. In addition, studies on SNPs of rs187054, rs1278279, and rs1044122 were conducted. However, each study reported different results. Several meta-analyses have been conducted to date, however, the studies involved in each meta-analysis are different, resulting in multiple conclusions. [7] [8] [9] [10] Thus, in this study, we aimed to investigate the association between ADAM12 polymorphisms and susceptibility to knee OA through a meta-analysis involving only studies that present original data.
MATERIALS AND METHODS
A literature search was performed at Korea University Guro Hospital between December 2016 and July 2017 for studies that examined associations between ADAM12 polymorphisms and knee OA. In MEDLINE and EMBASE, searches were performed through the following search terms: (ADAM12 OR a disintegrin and metalloproteinase 12) AND (knee osteoarthritis OR knee OA OR degenerative arthritis) AND (polymorphisms OR variant OR mutation OR genotype) up to January 2017. A manual search was also performed for related studies. The study included six case-control studies including 2,966 patients (850 males, 2,116 females) with knee OA and 4,901 controls (2,286 males, 2,615 females).
The studies included in the meta-analysis met the following criteria: (i) case-control studies that determined the distributions of ADAM12 polymorphisms and susceptibility to knee OA, and (ii) detailed data were reported in case and control groups, or could be calculated from data provided. The following studies were excluded from the meta-analysis: (i) overlapping data, (ii) the number of null and wild-type genotypes or alleles could not be ascertained, and (iii) only abstracts, case reports, or review articles. There were no restrictions on race, language, ethnicity, or geographic area. 13 Figure 1 . Flow-chart of application of inclusion/exclusion criteria.
The baseline information was extracted, such as the first author, year of publication, country and sex of the study population, type and grade of OA in case groups, number of cases and controls, results of the Hardy-Weinberg equilibrium (HWE) test, and allele and genotype frequencies of ADAM12. In cases of duplicated publications from the same study group, the study with a larger sample size was retained. This meta-analysis was conducted based on the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines. 11 
Statistical analysis
We used the allele counting method to determine the allele frequencies of ADAM12 polymorphisms. The relationships between the ADAM12 polymorphisms and susceptibility to knee OA were estimated using odds ratios (ORs) and 95% confidence intervals (CIs). The significance of pooled ORs was determined by the Z-test and p values <0.05 were considered statistically significant. The pooled ORs were calculated for the allele contrast, dominant and recessive model, and addictive model.
The heterogeneity between studies was assessed by Cochran Q test. Heterogeneity was considered significant at a p value <0.10 or I 2 values ≥50%. If there was no significant study heterogeneity, a fixed-effect model was used, otherwise a random-effect model used. Forest plots were drawn to visualize the overall effect. Potential publication bias was estimated using funnel plots. Meta-analysis was performed using Review Manager 5.3 (The Nordic Cochrane Center, The Cochrane Collaboration, 2014).
RESULTS
A total of 32 published articles were found through an electronic search. Of these, 16 articles were duplicated and, by browsing the title and abstract, three were excluded because of obvious irrelevance. After a full-text review, a further seven articles were removed: three had overlapping data, one was a review, and three did not report sufficient data. Additional eligible studies were not found through manual search. Figure 1 outlines the selection process of this meta-analysis. Finally, six case-control studies focusing on four ADAM12 polymorphisms (rs3740199, rs1871054, rs1278279, and rs1044122) and knee OA risk were included in this meta-analysis. [12] [13] [14] [15] [16] [17] Among them, since one study was conducted at three centers 17 and one study analyzed tibiofemoral joint and patellofemoral joint OA separately, 16 a total of nine studies included 2,966 cases and 4,901 controls. Four studies were conducted on Asian subjects and five studies were conducted in European subjects. Details of the ADAM12 polymorphism studies evaluated in this metaanalysis are summarized in Table 1 .
The meta-analysis suggested that the rs3740199 C/G polymorphism was not associated with susceptibility to knee OA in all genetic models in the overall populations: allele contrast (OR=1.03, 95% CI=0.97-1.10, p=0.32); dominant (OR=0.98, 95% CI=0.84-1.15, p=0.84); recessive (OR=0.97, 95% CI=0.83-1.13, p=0.69); and addictive model (OR=0.97, 95% CI=0.80-1.17, p=0.74) (Figure 2) . The rs3740199 C/G polymorphisms were analyzed by subgroup according to sex and geographic area. There was a significant association between the recessive (OR=0.44, 95% CI=0.21-0.93, p=0.03) and addictive model (OR=0.29, 95% CI=0.12-0.69, p<0.01) in the male group, but not in the remaining subgroups ( Table 2) .
The meta-analysis showed that the rs1871054 T/C polymorphism was significantly associated with susceptibility to knee OA in all genetic models in the overall populations: allele contrast (OR=1.42, 95% CI=1.02-1.98, p=0.04); dominant (OR=1.36, 95% CI=1.02-1.82, p=0.04); recessive (OR=1.83, 95% CI=1.14-2.94, p=0.01); and addictive model (OR=1.85, 95% CI=1.06-3.23, p=0.03) (Figure 3) . Subgroup analysis, which focused on Asian populations owing to the limited number of included studies, indicated that there was a significant association between all genetic models ( Table 2 ).
Both rs1278279 G/A and rs1044122 T/C polymorphisms were covered in two studies, all of which were of Chinese subjects and were not related to the susceptibility to knee OA.
There was significant heterogeneity in allele contrast and dominant model in the male group of rs37401099 C/G polymorphisms. There was also significant heterogeneity in allele contrast and recessive model in the overall population of rs1871054 T/C polymorphisms. These were analyzed using the random-effect model, and the rest were analyzed using the fixed-effect model. In addition, all of the included studies were found to be in HWE.
To assess possible publication bias, a funnel plot was used for rs37401099 C/G polymorphisms. The funnel plot was symmetrical in rs37401099 C/G polymorphisms (Figure 4) . However, we did not draw funnel plots in the meta-analysis for rs1871054 T/C, rs1278279 G/A, and rs1044122 T/C since there were less than five studies included.
DISCUSSION
A disintegrin and metalloproteinase is a family of proteolytic enzymes regulating extra cellular matrix turnover in cartilage.
14 ADAM12, a member of the ADAM gene family, resides on chromosome 10q26 and encodes a metalloprotease.
12 ADAM12 is associated with synovial inflammation, overexpressed in OA cartilage, and reported to be associated with knee OA. 16, 18 In addition, ADAM12 is associated with the remodeling of bones and degradation of insulin-like growth factor-binding protein 5 in the cartilage. 14 Thus, ADAM12 affects cartilage proliferation and bone growth.
The most studied polymorphism of the ADAM12 is rs3740199 C/G. This meta-analysis found that rs3740199 C/G polymorphisms were not significantly associated with knee OA. When analyzed separately for Asian and Europeans, the rs3740199 C/G polymorphism was not found to be associated with the susceptibility to knee OA. However, as in the previous metaanalyses, 8, 9 our study showed that rs3740199 polymorphisms were associated with knee OA in males. In the subgroup analyzed for sex, the GG genotype in males showed less knee OA than CG+CC or CC genotypes. These genetic polymorphisms, which are only associated with knee OA in male group, can explain sex differences in knee OA incidence. The prevalence of knee OA is higher in females than in males, because it is known to be associated with hormonal factors, structural differences, and differences in the rate of loss of cartilage. 19 Genetic differences between males and females may also be included as a factor influencing the prevalence of knee OA.
A disintegrin and metalloproteinase 12 has also been associated with tendon homeostasis. 20 However, the rs3740199 C/G polymorphism did not appear to be associated with Achilles tendon pathology. 21 Although ADAM12 is thought to affect the pathogenesis of musculoskeletal diseases, the rs3740199 C/G polymorphism is assumed to have little effect and studies on ADAM12 polymorphisms at several different loci have been conducted.
As in a previous meta-analysis, 8 rs1871054 T/C was found to be significantly associated with knee OA in the overall and Asian populations. T allele has been suggested to be associated with an increased risk of knee OA. The rs1278279 G/A and rs1044122 T/C polymorphisms were included in only two studies and were not found to be associated with knee OA.
In addition to ADAM12, studies have been conducted on a disintegrin metalloproteinase with thrombospondin motifs (ADAMTS) family closely related to the ADAM family, and a ADAMTS4 and ADAMTS5 have been identified as candidate genes to be associated with OA. 22, 23 Various biochemical markers related to OA have been found, indicating that OA is not simply a disease caused by degenerative factors. 24 Unlike previous meta-analyses, we only included studies that confirmed the original data for four candidate polymorphisms of the ADAM12 gene and excluded studies conducted in the same institution to minimize bias. In addition, our study involved a subgroup analysis based on ethnicity and sex. However, there are some limitations to this meta-analysis. First, the criteria for defining knee OA were different for each study. Most studies classified knee OA as Kellgren-Lawrence Grade 2 or higher whereas Kellgren-Lawrence Grade 1 or higher was classified as knee OA in one study, 12 and patients undergoing total knee replacement were classified as knee OA in three centers of one study. 17 Since the disease severity and genetic factors may be relevant, differences between case groups may have affected the result of meta-analysis. Second, the number of studies included in the meta-analysis was small, except for the rs3740199 C/G polymorphism. A metaanalysis involving a small number of cases may be a limitation in deriving universal conclusions. More case-control studies are needed in the future on the association of rs1871054 T/C polymorphisms with knee OA. Third, other clinical data, such as age and occupation were not considered in this meta-analysis. Finally, although the funnel plot indicated no remarkable publication bias, some publication bias may exist in the results.
In conclusion, our meta-analysis demonstrated that ADAM12 rs3740199 C/G polymorphisms are not associated with knee OA susceptibility. However, the GG genotype of rs3740199 was found to be relevant in the male group. ADAM12 rs1871054 T/C polymorphism was significantly associated with knee OA susceptibility, but rs1278279 G/A and rs1044122 T/C polymorphisms were not. Further studies are warranted to determine whether these polymorphisms are associated with the risk of knee OA.
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